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INTRODUCTION 
There are two species and one subspecies of corn root-
worms found in the United States, all of which belong to 
the genus Diabrotica (Chrysomelidae). These are D. 
undecimpunctata howardi, the southern corn rootworm; D. 
virgifera, the western corn rootworm; and D. longicornls, 
the northern corn rootworm. Recent reports of increased 
damage to corn by corn rootworms, particularly the western 
species, have resulted in intensified research efforts on 
this group of insects. In line with these increased research 
efforts, there is a need for basic investigations in tho 
areas of biology, behavior, and control of corn rootworms. 
There is special need for the development of a suitable mass-
rearing program that would provide a ready source of larvae 
and adults for experimental purposes. Howe and George (I966) 
pointed out some of the difficulties encountered in rearing 
holometabolous soil insects. The larval habitat hinders 
observation of feeding habits, migrations, and rate of 
growth and development; and it is difficult to reproduce 
the field soil environment in the laboratory. A further 
problem exists with D. longicornls and D, virglfera In that 
both undergo an apparently obligate embryonic diapause 
which persists through the winter under field conditions 
and for approximately 120 days at 4.4 C in the laboratory. 
This long period of diapause impedes any mass rearing 
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program, and consequently various stages of these two 
insects are available only at seasonal intervals. If a 
more successful method of breaking or averting diapause 
could be developed, then a major obstacle to a mass rearing 
program for the northern and western corn rootworms would 
be removed. 
Most successful insect mass rearing programs are 
centered around the development of a suitable artificial 
diet which will meet the nutritional requirements of all 
stages of the insect being reared. Such a diet not only 
helps standardize future experiments by providing individ­
uals whose nutritional backgrounds are known, but it also 
saves time in the rearing procedure by eliminating the 
necessity for growing food plant material. 
The objectives of this investigation were to devise a 
more successful method of breaking embryonic diapause in 
D. longicornis and D. virgifera, and to develop a synthetic 
medium on which corn rootworms could be reared. Since no 
successful method of colonizing either D. longicornis or 
D. virgifera has been reported, D. undecimpunctata howardl 
was used in those parts of the study dealing with develop­
ment of a synthetic diet. 
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REVIEW OF LITERATURE 
Diapause is an adaptive mechanism for Insect survival 
during periods of unfavorable conditions such as cold, heat, 
drought, and lack of proper food. The term diapause was 
first used by Wheeler (1893) to describe the interruption 
in embryonic movements of Xiphldlum ensiferum between 
anatrepsls and catatrepsls. Diapause has since taken on 
a much broader meaning, now being applied to developmental 
arrest of both embryonic and postembryonic stages of 
development. Excellent reviews on earlier meanings of the 
term have been given (Lees, 1955; Cunningham, 1963). 
Beck and Alexander (1964) pointed out two principal 
schemes that have been advanced to explain diapause develop­
ment: (l) developmental Inhibitor theories, and (2) bio­
chemical defect theories. Under the first category, 
diapause is explained by the presence of some inhibiting 
metabolite, or possibly a growth-inhibiting hormone. This 
theory has generally proven to be inconsistent with experi­
mental results. The second category refers to the inter­
ruption of morphogenesis due to the temporary absence of 
a metabolite, enzyme, or hormone. It was with this concept 
in mind that the diapause experiments described in this 
paper were undertaken. 
Slifer (1946) found that xylol and similar fat sol­
vents would accelerate the termination of diapause in eggs 
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of Melanoplus differentlalls, and proposed that this action 
was due to the uptake of water through the hydropyle which 
was covered by a waxy covering prior to exposure to a fat 
solvent. Salt (1949, 1952) investigated water absorption 
in Melanoplus bivlttatus eggs and showed them to have a 
hydropyle through which water can pass in or out in a 
manner similar to that in M. dlfferentialls. Absorption 
of water in this species was found to be necessary for 
embryogenesls to be successfully completed. 
Cunningham and Peters (1964) obtained 12 percent 
hatch from diapausing eggs of Diabrotlca longicornls after 
topical application of ether and incubation at 25 C, and 
l4 percent hatch after application of toluene and subse­
quent incubation at 25 C. Application of hexane yielded 
the same results as toluene. The hatch Increased to 28 
percent after application of ether and incubation at 4.4 C 
for 84 days, but there was a decrease in hatch to 10 per­
cent for toluene and to 12 percent for hexane after incu­
bation at 4.4 C for 84 days. Ether and toluene each gave 
l4 percent hatch after 56 days of incubation at 4.4 C, 
while hexane gave 2 percent hatch after similar Incubation. 
A hatch of 32 percent was obtained after 56 days of incuba­
tion at 4.4 C with no chemical treatment. This would 
indicate that treatment with a fat solvent is not necessary 
for subsequent uptake of substances in eggs of D. longicornls. 
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George and Ortman (1965) reported the effects of Incubating 
diapauslng eggs of D. virgifera at 4 C for different lengths 
of time with no chemical treatment. After cold treatment, 
the eggs were incubated at 30 C. Eggs held at 4 C for 40 
days began hatching on the 20th day after removal from the 
cold treatment, and continued to hatch for a period of 65 
days. VJhen held at 4 C for 8l days, eggs began to hatch on 
the 19th day and completed hatching In 55 days. The optimum 
length of time for cold treatment was II6 days, after which 
hatch began on the l6th day and ended in 37 days. Eggs 
that were held continuously at 22 C after oviposltion, 
hatched at a slower rate and over a longer period of time. 
The first hatch was recorded on the 44th day after collec­
tion, and over a period of 145 days, 63 percent hatched. 
Hogan (i960) investigated the response of diapauslng 
eggs of Teleogryllus commodus to sub-zero temperatures, and 
found that over the most favorable temperature range (+5 to 
-16.5 C), a curve with a negative temperature coefficient 
was obtained. Way (196O) obtained similar responses with 
eggs of Hylemya coarctata (Fallen) reported by Way as 
Leptohylemla coarctata. A negative temperature coefficient 
had been demonstrated by Jacobsen and Christensen (1948) for 
the Initial stages of the denaturation of beta-lactoglobulin 
by urea; therefore, Hogan (1961) treated diapauslng eggs of 
Teleogryllus commodus with urea, on the hypothesis that 
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diapause could be terminated by a similar process as the 
denaturation of beta-lactoglobulin. Although diapause was 
effectively broken, no conclusions were drawn as to the mode 
of action of the urea. In later experiments, Hogan (1962a) 
showed that urea was definitely taken into and broken down 
14 by the diapausing eggs of T. commodus. He applied C urea 
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to the eggs and subsequently detected the loss of C in the 
14 form of COg. On the assumption that ammonia is released 
after the breakdown of urea, Hogan (1962b, 1964) treated 
eggs of T. commodus with ammonium compounds in an effort to 
terminate diapause. Of ten compounds, the most effective 
was ammonium oxalate applied at a concentration of 0.04 M. 
Other compounds were effective, but it was found that 
ammonium compounds with inorganic acid radicals were in­
effective. Gaseous ammonia was found to be effective when 
applied under conditions of high humidity. Prolonged 
exposure to low concentrations of ammonia was facilitated 
by using ammonium hydroxide as a source for gaseous ammonia. 
In order to prevent appreciable losses in concentration of 
ammonia over extended periods of time, the diapausing eggs 
were held in dessicators containing the ammonium hydroxide 
solutions. It was shown that the higher the concentration 
of ammonia, the shorter was the period of exposure required 
to terminate diapause. The extent to which the diapausing 
period could be reduced by raising the concentration of 
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ammonia was limited by the onset of toxicity at the higher 
concentrations. 
Recent excellent reviews on insect nutrition and 
dietetics have been given by Levinson (1955), Lipke and 
Praenkel (1956), House (1961), and House (1962). The value 
of artificial diets for determining the nutritional require­
ments of insects was well stated by Vanderzant and Reiser 
(1956b)J "The nutritional requirements of Insects can be 
best determined by use of dietary constituents of known 
chemical composition," Praenkel (1959a) stated that a 
peculiar feature in the history of the subject of Insect 
dietetics is that, of more than a million described Insect 
species, only 20 or 30 species have thus far been success­
fully used in nutritional investigations. Of the 20 or 30 
species, nearly all belong to two distinct groups; stored 
grain Insects, and the larvae of flies and mosquitoes. 
Stored grain Insects normally feed on dry, powdery food; 
thus an artificial medium would offer the advantages of 
being easy to compound and relatively free from deteriora­
tion by microorganisms. This latter advantage dispenses with 
the necessity for aseptic conditions. Ply larvae develop in 
a relatively short time, but they require wet or liquid diets 
which necessitate aseptic or at least antiseptic rearing 
procedures. Also, they feed largely automatically, hence 
there is no problem in inducing a feeding response. Dougherty 
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(1959) classified artificial diets into three categories: 
(l) "holidic" diets, pertaining to those which contain 
materials whose exact chemical structures are known, (2) 
"meridic" diets which are composed of a holidic base with 
at least one constituent of unknown chemical structure or 
purity, and (3) "axenic" diets, pertaining to the rearing 
of only one species on a nonliving medium. 
Fraenkel (193Ô) pointed out that although different 
species of leaf-feeding insects are often highly specific 
in their choice of host plant, they differ only slightly 
in their food requirements. He stated that a specific 
taxon of plants may contain "secondary plant substances" 
(glucosides, saponins, tannins, alkaloids, essential oils, 
and organic acids) which are unique to that particular 
taxon, and do not seem to function in the basic metabolism 
of the plant, but may serve as attractants or repellents 
for insects. The nutrient content essential for insect 
development, however, seems to be quite similar from one 
plant taxon to another. Thus it was suggested that most 
leaf feeding insects could develop equally well on any 
leaves, providing the leaves contained a "secondary sub­
stance" which acted as an attractant, or providing they 
lacked such substances which acted as repellents. Fraenkel 
(1959a)reiterated that food requirements of all insects seem 
to be similar, including the essential amino acids, vitamins 
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of the B-group, sterols, and physiologically important 
minerals. Again he pointed out that the composition of 
all plant leaves is very much alike in that all the essential 
substances for insect development are contained therein. 
Dadd (i960) supported Praenkel's (1956, 1959b) hypothesis 
that insect nutrition is basically similar to that of 
vertebrates, insects differing as a class only in being 
unable to synthesize steroids and in requiring no vitamins 
other than certain of those in the B-complex. 
Vanderzant and Reiser (1956a) successfully reared 
Pectinophora gossyplella under aseptic conditions on syn­
thetic media which contained egg albumen as the principal 
^source of protein. Normal adults were obtained by this 
method, but growth rate and pupation were lower than normal. 
Beck e_t a^. (19^9) used a diet containing casein as the 
principal source of protein for rearing Ostrinia nubilalis 
but found it necessary to supplement the diet with plant 
extracts. Ishii and Urushibara (195^) reared Chllo simplex 
on a modification of Beck's diet, without the addition of 
plant extracts; however, dry yeast or yeast extracts were 
found to be necessary. Vanderzant and Reiser (1956b) 
modified their original (1956a) diet by replacing albumen 
with casein as the primary source of protein, and found 
that pink bollworms developed and pupated at a normal rate 
on this medium. In later work, (Vanderzant and Davich 
10 
1958), this diet proved to be valuable in the development of 
a rearing medium for Anthonomus grandis. Adkisson £t al. 
(i960) Introduced wheat germ diet for rearing pink bollworms 
under antiseptic conditions, and obtained growth and develop­
ment on this medium approximating that of field conditions. 
In addition to wheat germ, this diet contained casein, 
sucrose. Wesson's salts, choline chloride, agar, sodium 
alginate, vitamins, and water. Although pupae produced on 
this medium were smaller than field-collected pupae, ovi-
position records indicated that females reared on the medium 
would produce more eggs than field-collected females. An 
average of 8I.5 percent of the larvae originally placed on 
the diet emerged as adults. 
In an effort to develop a satisfactory artificial 
medium for rearing Porthetria dispar, Leonard and Doane 
(1966) modified the pink bollworm diet of Adkisson e^ al. 
(i960) by adding linolenic acid and increasing the quantity 
of wheat germ meal. Larvae reared on this medium exceeded 
field collected specimens in size, weight, and egg pro­
duction . 
Earle e^ (1966) developed an improved diet for 
Anthonomus grandis by analyzing the total amino acids of 
the cotton square and incorporating these free amino acids 
into an agar-based diet. The powdered residue remaining 
after evaporating the acetone used in extracting cotton 
11 
squares served as a sov.r-ce of protein. Required dietary 
concentrations of minerals, sugars, lipids, and vitamins 
were estimated in an attempt to develop a diet that was 
nutritionally similar to the cotton plant. Approximately 
80 percent of the eggs placed individually in vials of this 
diet would develop into adults; about 50 percent of the eggs 
placed on diet in plastic petri dishes would develop into 
adults. Oviposition was increased when a feeding stimulant 
was added to an adult diet made with an acetone powder of 
squares that had not been Soxhlet-extracted, and with wheat 
germ oil that had not been purified by chromatography. Ovi­
position was further increased when the diet included 
Soxhlet-extracted square powder and purified wheat germ 
triglycerides but no feeding stimulant. This suggests 
that the absence of substances that act as feeding deterrents 
might be even more important than the presence of feeding 
stimulants. 
There is little information available about rearing 
corn rootworms. George and Ortman (1965) reported success­
fully rearing larvae of D. vlrgifera by using the method 
previously described by Bigger and March (1943) for rearing 
larvae of D. undecimpunctata howardi. Surface-sterilized 
kernels of corn were placed on agar plates which were 
infested with D. virgifera larvae after the root systems 
developed. Larvae developed to the pupal stage in 29-41 
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days at 20 C with 3 to 4 changes of corn. By placing 
prepupae on moist sand, a high percentage of pupation and 
adult emergence was obtained. A few other methods have been 
reported for rearing these insects on various plants or 
plant parts, with each method showing varying degrees of 
success. Howe and George (1966) give a review of these 
methods. George (I966) reported that European corn borer 
diet and the pink bollworm diet were not satisfactory for 
rearing southern corn rootworms. One modification of the 
pink bollworm diet which included 2 ml of corn oil per 100 
gm wet weight of diet did produce a single adult. This 
individual was a female which later produced viable eggs. 
On all diets reported, development of corn rootworms v;as 
slow and mortality high. No published reports on the 
nutritional requirements of corn rootworms are available. 
13 
MATERIALS AND PROCEDURES 
Diapause Studies: Materials 
Northern and western com rootworm eggs for diapause 
experiments were obtained from field collected adult 
beetles taken from corn plants. A l6 oz polyethylene 
bottle with a polyethylene funnel inserted through the cap 
(see Figure l) was used for collecting beetles from corn 
silks and tassels and transporting them back to the labora­
tory. At the laboratory, the beetles were anesthetized 
with carbon dioxide and transferred to 1-1/4 inch diameter 
plastic zipper boxes (Figure 2) provided with fresh corn 
silk and a 1/2 x 1/2 inch section of moist seed germination 
pad. Three beetles were placed in each box and kept in a 
Hotpack Model 525-2-1 programmed refrigerated incubator. 
Beetles were collected from mid-August until late September. 
Eggs were collected from the corn silks and germination pads 
in the zipper boxes every three or four days by the following 
method: 
1. The 1/2 X 1/2 inch section of seed germination pad 
was removed and a:iy eggs adhering to it were removed with 
a #2 camel's hair brush. The camel's hair brush was fre­
quently dipped in a solution of 3000 ppm Roccai^ (ben-
zalkonium chloride) in an effort to reduce contamination 
by microorganisms. 
Figure 1. Polyethylene bottle with funnel Inserted through 
cap, used for collecting adult corn rootworms 
Figure 2. Plastic zipper box containing fresh corn silk 
and moist germination pad, in which adult corn 
rootworms were kept 
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2. Uneaten corn silks were washed into a 1000 ml 
beaker half full of distilled water by means of a 16 02 
polyethylene wash bottle. The force of the stream of water 
from the wash bottle would dislodge any eggs adhering to 
the bottom or side of the zipper box. 
3. The contents in the 1000 ml beaker were stirred 
vigorously with a glass rod to dislodge eggs from the corn 
silks. The eggs would then sink to the bottom of the 
beaker while most of the corn silks would float. 
4. The floating corn silks were decanted from the 
beaker. 
5. The water containing the eggs and some corn silks 
was poured through an 18 mesh plastic screen into a 25O ml 
beaker. The screen would allow the eggs to pass through 
while effectively retaining the bits of corn silks. 
6. Contents of the 250 ml beaker were stirred with a 
glass rod and immediately poured through a 3 x 3 inch piece 
of black Pellon , which retained the eggs but allowed the 
water to pass through. Eggs that stuck to the bottom or 
sides of the beaker were dislodged with a stream of 
distilled water from a wash bottle. 
7. The eggs were transferred from the Pellon to seed 
germination pads with a #2 camel's hair brush. Again, the 
camel's hair brush was frequently dipped in a solution of 
3000 ppm Roccal 
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The eggs to be used in temperature experiments were 
placed on seed germination pads containing 100 depressions 
with one egg per depression. These pads were moistened 
thoroughly with distilled water, placed in petri dishes, 
(tL> 
and the petri dishes wrapped with Saran wrap. In this 
manner the germination pad would stay moist throughout the 
full period of incubation. 
Eggs to be used in ammonium hydroxide experiments were 
placed on germination pads that had been cut in half; thus 
each pad would hold 50 eggs. Each half pad was then placed 
on a rack constructed of a 4 x 4 inch piece of l4 mesh 
bronze wire screen with a 1/4 x 3/8 x 4 inch wooden strip 
stapled to two sides (see Figure 3). These racks, each with 
50 eggs per pad, were then stacked inside desiccators with 
ammonium hydroxide solutions in the bottom (Figure 4). The 
desiccators were sealed with Amojel "Snow-White" petrola­
tum for the length of time the eggs were to be exposed to 
ammonia. 
After treatment, in early experiments, the moist pads 
were placed on several layers of moist paper toweling in 
2x4x8 inch clear plastic boxes which were in turn sealed 
with masking tape. This method of storing eggs during the 
cold treatment period was found to be unsatisfactory because 
of moisture loss due to evaporation. In later experiments, 
the eggs were sealed in petri dishes with Saran wrap as 
Figure 3. Wire screen rack with germination pad used for 
storing eggs in desiccators during exposure to 
ammonium hydroxide 
Figure 4. Desiccator with eggs on screen racks. Ammonium 
hydroxide solution is in bottom of desiccator. 
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described previously for temperature experiments. After 
cold treatment, the eggs were stored in Hotpack Model 525 
incubators at 20 C and in constant darkness. All eggs were 
checked for hatch every two days after cold treatment. A 
Spencer AO Model 26LG stereoscopic dissecting microscope 
with lOx oculars was used to observe eggs for hatch. 
Diapause Studies : Procedures 
1965 Experiment 
An experiment was Initiated in I965 to determine the 
effects of combinations of ammonium hydroxide and cold 
treatment on diapausing eggs of the western and northern 
corn rootworms. Eggs for this experiment were collected 
and placed on seed germination pads containing 50 depres­
sions; 25 western eggs and 25 northern eggs were placed on 
each pad. Seven of these pads were then placed on screen 
racks (see Figure 3) and the screen racks were stacked in 
a desiccator (see Figure 4) for the length of time the 
eggs were to be exposed to ammonium hydroxide. Periods of 
exposure were 8, 24, and 72 hours. For each exposure 
period, eggs were exposed to ammonium hydroxide solutions 
of 0.001 M, 0.003 M, 0.006 M, 0.010 M, and 0.100 M. The 
solution was placed in the bottom of the desiccator, the 
eggs were placed Inside, and the desiccator was sealed with 
Amojel for the proper period of time. After exposure to 
ammonium hydroxide the pads were removed and incubated at 
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4.4 C for periods of Oj 2, 4, 6, 8, 12, and 16 weeks. The 
pads containing the eggs that were to be Incubated for 0 
weeks at 4.4 C were placed directly into an incubator at 
20.9 C. Eggs were checked for hatch every third day after 
removal from cold treatment. 
No control (eggs exposed to 0.000 M ammonium 
hydroxide) was included in this initial experiment because 
there was a shortage of eggs in the laboratory due to an 
epidemic of Beauverla in the adult beetles and I felt it 
was more important to attempt to determine the concentration 
limits within which to work rather than to run a control. 
1966 Experiment 
Exposure times of 8, 24, 48, and 72 hours were used in 
1966 to concentrations of 0.000 M, 0.001 M, O.OO3 M, O.OO6 M, 
0.010 M, and 0.100 M solutions of ammonium hydroxide. For 
this experiment, northern and western eggs were kept sepa­
rate throughout the procedure. Otherwise, the procedures 
for this experiment were identical to those described for 
the 1965 experiment. 
Diet Studies: Materials 
For the I965 artificial diet studies, field collected 
corn rootworm larvae of all three species were used. These 
were collected from the roots of corn, placed in a 2-1/4 
inch diameter clear plastic zipper box with a small amount 
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of soil and two or three 1-inch sections of corn stalk, and 
transported back to the laboratory. They were transferred 
onto the diet in the same manner as described below for the 
first instar southern corn rootworm larvae, except that 
only two larvae were placed on each plug of diet. 
Only southern corn rootworms were used for 1966 and 
1967 artificial diet studies. Adults of this insect were 
collected from squash and pumpkin in the insectary garden. 
Two varieties of squash (Butternut and Stralghtneck) and 
two varieties of pumpkin (Jack 0'lantern and Sugar pie) 
were started in the greenhouse the last week of March, so 
the plants would be blooming on or before May 15. The 
first southern adults are usually observed in the Ames 
area during the second week in May. The squash and pumpkin 
were transplanted from the greenhouse to the Insectary 
garden the second week in May; thereafter, the blooms pro­
vided a suitable attractant for rootworm beetles. These 
beetles were collected, maintained in zipper boxes, and the 
eggs were collected by the same methods as previously 
described for western and northern corn rootworms. Since 
the southern corn rootworm does not enter embryonic 
diapause, these eggs were incubated at 20 C until they 
hatched in 5 to 10 days. Newly hatched larvae were trans­
ferred from seed germination pads to 3 dr shell vials that 
contained a plug of diet. 
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Diet plugs were cut by Inserting a glass tube 12 mm in 
diameter to the bottom of the diet in the petri dish. The 
glass tube was then removed, carrying with it the diet plug. 
The glass tube with the diet plug was then inserted into a 
3 dr vial and a glass rod was used to force the diet plug 
from the glass tube into the vial. The diet plug formed in 
this manner was approximately 12 mm in diameter and 12-14 
mm high. A plug of this size contained sufficient: diet to 
feed three larvae until the prepupal stage was reached. 
Both the glass tube and rod were washed thoroughly in a 
% 
solution of Alconox and rinsed with distilled water before 
being used on another diet. 
Three larvae were placed in each vial (see Figure 5) 
which was then stoppered with a number 2 cork. During early 
experiments, vials were stored horizontally on screen racks 
and placed in a Hotpack Model 525-2 incubator at 20 C in 
constant darkness. It was found that with the vials in a 
horizontal position, the larvae could escape by chewing a 
tunnel in the cork between the stopper and the vial. In 
later experiments, the vials were stored in a vertical 
position which effectively eliminated this problem. 
All diets were mixed by adding the correct amount of 
each ingredient, one at a time, into a Waring blender Model 
P8-5 running at low speed. Distilled water was always 
added first, then the other components of the diet, except 
Figure 5- Shell vial with diet plug and rootworm larvae 
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agar and aureomycln. The agar was weighed and added to the 
appropriate amount of distilled water in an Erlenmeyer flask 
which was then covered by a piece of aluminum foil and 
placed in the autoclave for five minutes at 15 lbs pressure. 
After being removed from the autoclave and allowed to cool 
to 60 C or below, the agar was added to the other components 
in the blender. The aureomycin was added next and the 
blender was then run for five minutes at high speed, where­
upon the contents were poured into petri dishes and allowed 
to set. Diets were stored in a refrigerator at 5 C until 
needed. No diet was stored longer than two weeks before 
being used or discarded. 
All diet constituents except potassium hydroxide, 
sucrose, formaldehyde, agar, Cab-O-Sil , and plant addi­
tives were purchased from Nutritional Biochemicals Corpo­
ration. Potassium hydroxide, sucrose, formaldehyde, and 
agar were purchased from chemistry stores on campus and 
(s) 
Cab-O-Sil was obtained from the Cabot Corporation. Cab-
0-Sil is a pyrogenic silica with colloidal size particles. 
It is used as a liquid thickener and its extremely small 
particle size and high degree of purity (99 percent pure) 
made it appear desirable as a base for corn rootworm diets. 
All shell vials used in diet experiments were washed 
in a solution of Alconox , rinsed in distilled water, and 
autoclaved for 15 minutes at 15 lbs pressure before larvae 
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or diet was placed in them. Cork stoppers were autoclaved 
at 15 lbs pressure for 15 minutes before being used. 
Diet Studies: Procedures 
1963 Diet studies 
Twelve artificial diets were tested in a preliminary 
study of Cab-O-Sil as a diet base. Field collected larvae 
of all three species of corn rootworms were used. The 
constituents of all 12 diets are shown in Table 1 (see 
Appendix). Of the 12 diets tested,. 5 diets (III, VII, 
VIII, XI, and XII) were found to be completely unsatis­
factory for reasons to be discussed later. For this 
preliminary study, second- and third-instar larvae were 
used. There is usually a greater mortality encountered 
in the laboratory with first-instar larvae than with later 
instars, even when they are reared on their natural host 
plant. By using second- and third-instar larvae for these 
initial tests this mortality was avoided and a better 
distinction could be made between mortality caused by 
inadequate diet and mortality caused by other factors. 
A total of 948 larvae were placed on the seven arti­
ficial diets on which larvae developed to the prepupal 
stage. These larvae were checked every third day for 
mortality. If a diet plug became moldy, the larvae were 
removed from it and placed on a new plug in a clean vial. 
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Two of the Gab-O-Sll based diets (VIII and X) con­
tained corn plant additives. Mendoza and Peters (1963) 
observed that rootworms were strongly attracted to fresh 
apple slices, so apple was added to diet VII in an effort 
to elicit a feeding response from the larvae. 
The number of larvae placed on each diet, along with 
the number of prepupae, pupae, and adults obtained from 
each diet is shovm in Table 2. 
1966 Diet studies 
Only agar base diets were used during the summer of 
1966. Eighteen different diets were tested by 11,396 newly 
hatched southern corn rootworm larvae. The components of 
each diet are shown in Table 3- Adult rootworms were 
obtained from larvae placed on 9 of the 18 diets. Develop­
ment rates of rootworms on diets that produced adults are 
shown in Table 4. Individuals that were reared to the 
adult stage on artificial diets were mated: some to 
individuals that had been reared on diets, and some to 
individuals that had been reared on immature corn ears. 
The results of these matings are shown in Table 5. Adults 
that were mated were placed together in a 1-1/4 inch diam­
eter clear plastic zipper box with fresh corn silk and a 
moist seed germination pad. They were then incubated at 
26 0 with illumination for I6 hours and at 20 C in total 
darkness for eight hours. Eggs were removed every three 
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days by the method previously described. The development 
rates for individuals from these matings are shown in Table 
6. All females that emerged from this second generation 
were mated to males that were reared on the same diet, but 
no viable eggs were obtained. 
1967 Diet studies 
The nine diets on which rootworms were reared to the 
adult stage were tested again in 1967, using the same 
methods as those described for I966 diet studies. Numbers 
of larvae placed on each diet, along with mortality figures 
and development rates of these larvae are shown in Table 7. 
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RESULTS 
1965 Diet Studies 
Twelve artificial diets for corn rootworms were tested 
in a preliminary study in 1965. Rootworm larvae reared on 
7 of these diets developed as far as the prepupal stage, 
and 6 of these diets yielded both pupae and adults (see 
Table 2). Of the 6 diets on which rootworms survived to 
the adult stage, 3.5 percent of the original 602 larvae 
emerged as adults. The best diets for second- and third-
instar southern corn rootworm larvae appeared to be diets 
I and V on which 15 percent and 10 percent of the larvae 
i • • 
respectively emerged as adults. The most satisfactory 
diets for third-instar northern larvae appeared to be diet 
IV on which 3 percent of the larvae emerged as adults, and 
diet V which yielded 1 percent adults. For third-instar 
western larvae, diets II and VI yielded 10 percent and 6 
percent adults respectively. No larvae developed beyond 
the prepupal stage on diet IX. 
Diet III proved to be completely unsatisfactory as a 
medium for rearing com rootworms because of excessive mold 
growth that appeared within 48 hours after incubation at 
20 C. The mold would completely cover the diet plug, and 
often partially fill the vial, making it impractical for 
use. 
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Diet VII, which contained fresh apple tissue, would 
begin to decompose after approximately 36 hours at 20 C, 
with excessive mold growth following. Larvae placed on 
this diet would avoid the diet plug after decomposition 
began. 
The corn rootworms placed on diets VIII, XI, and XII 
all died within 72 hours. No larvae were observed to feed 
on any of these diets. 
1966 Diet Studies 
Eighteen agar-base artificial diets were tested in 
1966, Of these, southern com rootworm larvae were reared 
to the adult stage on 9 diets (see Table 4). A total of 
6,615 newly hatched larvae were placed on these 9 diets 
by methods previously described. Rate of development and 
survival figures for these larvae are shown in Table 4. 
From the 6,6l5 larvae placed on the 9 diets shown in Table 
4, 421 prepupae, 235 pupae, and 121 adults were obtained. 
A greater percentage (5.7) of adults was obtained on diet 
66-P than on other diets. Diet 66-0 yielded 3.3 percent 
adults and diet 66-G yielded 2.9 percent adults. Diet 66-J 
gave the lowest percent (0.3) adults. Adults that were 
reared on diet 66-0 had a greater average adult longevity 
(75 days) than other adults. Adults that had been reared 
on diet 66-1 had an average longevity of 64 days and those 
reared on 66-P had an average longevity of 57 days. The 
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rootworms reared on diet 66-N had the shortest adult 
longevity (19 days). The adult stage was attained in a 
shorter period of time ($8 days) by larvae reared on diet 
66-H. Larvae reared on diet 66-A and 66-N took an average 
of 59 days to reach the adult stage. Larvae reared on diet 
66-Ba took the longest period of time (64 days) to become 
adults. 
Most mortality occurred during the larval stage. Only 
6.4 percent of the 6,615 larvae originally placed on diets 
reached the prepupal stage. Of all the larvae that reached 
the prepupal stage, 56 percent pupated and of these pupae, 
51 percent emerged as adults. For diets on which 1.0 per­
cent or more adults were obtained, diet 66-P had 23.3 per­
cent survival from larva to prepupa, 53 percent survival 
from prepupa to pupa, 48 percent survival from pupa to 
adult, and 6 percent overall survival to the adult stage. 
Diet 66-0 showed I6 percent survival from larva to prepupa, 
40 percent survival from prepupa to pupa, 50 percent survival 
from the pupal to the adult stage, and 3 percent overall 
survival from first instar larva to the adult stage. Of 
the larvae placed on diet 66-1, 9 percent survived to the 
prepupal stage and of these 62 percent pupated. Of the 55 
pupae obtained on this diet, 47 percent emerged as adults. 
The overall survival from larva to adult for diet 66-1 was 
2.7 percent. There was 7 percent survival on diet 66-G 
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from larva to prepupa, 66 percent survived from prepupa to 
pupa, 66 percent survived from pupa to adult, and 3 percent 
overall survived from larva to adult. Larvae showed a 
survival of 4 percent to prepupa on diet 66-H, 60 percent 
survival from prepupa to pupa, 59 percent survival from 
pupa to adult, and an overall survival of 1.3 percent from 
larva to adult. 
Adults that were reared on diets in 1966 were mated to 
individuals that were reared on artificial media or immature 
corn ears. Thirty-three matings were made as shown in 
Table 5. Viable eggs were obtained from 5 of these matings, 
all of which involved one individual that had been reared 
on diet 66-H and one individual that had been reared on 
immature corn ears. All larvae that were hatched from eggs 
of mated individuals were placed on diet 66-H. Of the 284 
larvae that were placed on this artificial medium, 6l 
prepupae were obtained. Table 6 shows the ratio of males 
to females and the development rates for these rootworms. 
As shown in Table 6, the development rate for both males 
and females from first instar larva to prepupa was only 19 
days. This is an exceptionally short larval period. All 
adult females from this group were mated to the males of 
the group, but no viable eggs were obtained. 
Of the l8 artificial diets tested in 1966, adults were 
obtained on 9 diets, as shown in Table 4. No prepupae. 
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pupae, or adults were obtained on the other 9 diets. Figures 
6 through 10 show the mortality rates of these larvae. 
1967 Diet Studies 
The nine artificial diets on which corn rootworms were 
reared to the adult stage were retested in 1967. Table 7 
shows survival figures and development rates of the larvae 
placed on these diets. Of 9,783 first instar southern corn 
rootworms placed on the nine different diets in 1967, 10.8 
percent reached the prepupal stage. Of the 1,059 larvae 
that reached the prepupal stage, 47.5 percent pupated and 
of these, 85.3 percent emerged as adults. The greatest over­
all percentage of adults (7.4) was obtained from larvae reared 
on diet 66-P. The second largest overall percentage of 
adults (6.7) was obtained from larvae reared on diet 66-1. 
Diet 66-0 yielded the third largest percentage (6.2) of 
adults). Die 66-Ba gave the lowest percentage of adults 
with 1.0 percent. Adults that were reared on diet 66-J had 
the greatest average longevity (43 days). Diet 66-N yielded 
adults with the shortest average longevity (5 days). Develop­
ment rate from hatch to adult was shortest for diet 66-P 
(61 days) and longest for diet 66-Ba (66 days). As in 1966, 
the greatest overall mortality occurred in 1967 during the 
larval stage. The least mortality occurred during the pupal 
stage. Of the three diets from which the greatest overall 
percentage of adults were obtained, diet 66-P had the greatest 
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(7.4 percent), diet 66-1 the second greatest (6.7 percent), 
and diet 66-G the third greatest (6,2 percent). Of the 
1,320 larvae originally placed on diet 66-P, 26.1 percent 
reached the prepupal stage. Of the prepupae, 34 percent 
reached the pupal stage and of these, 83 percent emerged as 
adults. On diet 66-1, 11 percent of the larvae reached 
the prepupal stage and 65 percent of these pupated. Of the 
pupae obtained on diet 66-1, 94 percent emerged as adults. 
Of the larvae placed on diet 66-G, 9 percent reached the 
prepupal stage and of these, "Jô percent pupated. Of these 
81 pupae, 94 percent emerged as adults. 
The total numbers of larvae, percentage of prepupae, 
pupae, and adults obtained for all diets on which larvae 
were reared through to adults during 1965, 1966, and 19^7 
are shown in Table 8. 
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DISCUSSION 
1965 Diet Studies 
An attempt v/as made to rear second- and third-instar 
corn rootworm larvae on 12 artificial diets in 1965. Of 
those 12 diets, 10 contained a Cab-O-Sil base and 2 had 
an agar base (see Table l). Larvae were reared to the 
adult stage on diets I, II, IV, Y, VI, and X. Prepupae 
were obtained on diet IX, but no pupae or adults. 
Diet I is essentially the Adklsson et al. (i960) wheat 
germ diet with sorbic acid omitted and a Cab-O-Sil base. 
As shown in Table 2, 3 second-instar southern corn rootworms 
were reared to the adult stage on this diet. Since several 
ingredients in diet I function as growth inhibitors to 
microorganisms rather than as nutrients (namely formalde­
hyde, Methyl paraben, and potassium hydroxide), it was 
thought that these materials might be acting as repellents 
to the rootworms. Formaldehyde was omitted in diet II, and 
as shown in Table 2, 3 second-instar southern corn rootworms 
and one each third-instar northern and western corn root-
worms were reared to the adult stage on this diet. Methyl 
paraben was omitted from diet III, but mold growth was so 
profuse on this diet that no rootworms could be reared on 
it. Since ascorbic acid is present in the vitamin mix con­
tained in each diet, it was decided to omit the extra 
ascorbic acid from diet IV. Two second-instar southerns. 
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4 thlrd-lnstar northerns, and 1 third-instar western corn 
rootworm were reared to the adult stage on this diet. 
Potassium hydroxide was used in these diets as a buffer 
to hold the pH at approximately 7. Potassium hydroxide 
was omitted from diet V and 124 larvae (see Table 2) were 
placed on this diet of which 3 emerged as adults. Choline 
was another constituent of these diets which was also in 
the vitamin mixture. The extra choline chloride was omitted 
from diet VI. Of 154 larvae placed on this diet, 1 western 
and 1 northern emerged as adults. Mendoza and Peters 
(1963) noted that southern corn rootworms were attracted to 
and would feed on fresh apple tissue. In diet VII, 3 ml 
of a mixture of 75 gm of fresh apple tissue blended for 3 
min in 40 ml of distilled water was added to the constitu­
ents of diet I. This diet decomposed after approximately 
36 hours in the incubator at 20 C. This was probably due 
to the presence of the apple tissue, since there was no 
problem with decomposition in diet I. Excessive mold growth 
on this diet followed decomposition. As this diet began to 
decompose, the surface became covered with a film of moisture 
which would apparently drown larvae attempting to feed there. 
Diet VII was, therefore, totally unsatisfactory for rearing 
corn rootworm larvae. In another effort to add a host-plant 
substance to a diet that would elicit a feeding response 
from corn rootworm larvae, fresh leaf and whorl tissue was 
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added to diet VIII. Five gm of a mixture of 35 gm of leaf 
and whorl tissue blended for 5 min in 100 ml of distilled 
water were added to the basic components of diet I. It 
was thought that the larvae might be attracted to some 
"secondary plant substance" (Praenkel, 1956) found in their 
natural host plant. It was found, however, that rootworm 
larvae appeared to avoid diet VIII. No larvae were observed 
to feed on this diet; indeed, the larvae would seldom be 
observed to be near the diet in the vial. All larvae 
placed on this diet died within 72 hours, making it unsat­
isfactory for further studies. Since corn rootworms 
normally feed on the roots of corn, and in many green 
plants, the root system serves as storage site for carbo­
hydrates, it was thought that perhaps previously tested 
diets were deficient in carbohydrates. The sucrose content 
was therefore doubled in diet IX. As shown in Table 2, of 
112 larvae placed on this diet, 4 reached the prepupal 
stage and none developed further. Fresh corn root tissue 
was added to diet X in another attempt to elicit a stronger 
feeding response from the larvae. Ten ml of a mixture of 
47 gm of fresh corn root tissue blended in 100 ml of 
distilled water was added to this diet. The response of 
the larvae to diet X appeared to be similar to their 
response to diet VIII, that is, it was generally avoided. 
Some larvae were observed to feed on diet X, however, and 
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of 100 second-instar sourthern larvae, one emerged as an 
adult. 
After attempting to rear corn rootworm larvae on ten 
(WJ 
different Cab-O-Sil based diets with relatively little 
(S) 
success, it was decided to abandon Cab-O-Sil as a base 
for future diets. As shown in Table 2, only 2.21. percent 
of the larvae placed on Cab-O-Sil based diets emerged as 
adults, and this figure takes into account only the larvae 
that were placed on diets from which prepupae were obtained. 
Diets XI and XII had agar bases, and although no prepupae 
were obtained on these diets, it was decided that future 
diets would have agar bases. The decision was based on the 
observation that most successful artificial media for 
phytophagous insects contain agar as their base and the 
fact that little success had been encountered with Cab-0-
Sil based diets. 
Diet XI was prepared as shown in Table 1, with 5.0 gm 
of brewer's yeast. The larvae appeared to respond favorably 
to this diet, i.e., they were observed to be crawling on the 
diet plug and feeding on the diet. After a period of about 
36 hours however, a film of moisture appeared on the surface 
of this diet and the larvae appeared to drown in this mois­
ture. All larvae placed on this diet were dead within 72 
hours. Diet XII was prepared with the same ingredients as 
diet I, except for the agar base. Again, the larvae seemed 
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to respond favorably to this diet, but a film of moisture 
was observed to appear within approximately 36 hours in 
which the larvae appeared to drown. All larvae placed on 
this diet died within 72 hours. 
1966 Diet Studies 
Only newly hatched first-instar southern corn rootworms 
were used in diet studies during 1966. Since southerns are 
polyphagous insects, it was thought that an artificial diet 
could be more readily developed for them than for westerns 
or northerns. 
The agar based diets used in 1965 studies were observed 
to become covered with a film of water in which the larvae 
apparently drowned. In an effort to determine whether this 
@ 
moisture film was being produced by bacteria, Aureomycin 
was added to the first diet preparation (66-A) to be tested 
in 1966 (see Table 3). Egg albumen was used in diet 66-A 
as the protein source in place of casein. House (1961) 
reported that egg albumen is apparently more readily digested 
by many insects than casein. George (1966) reported rearing 
one adult southern corn rootworm from a modification of the 
pink bollworm diet which contained corn oil, so 0.5 ml of 
corn oil was added to diet 66-A. At the same time diet 66-A 
was being tested, diet 66-B, 66-Ba, 66-C, 66-D, 66-E, and 
66-P were prepared and larvae were placed on them. Of these 
diets, only diet 66-Ba contained Aureomycin (see Table 3). 
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No moisture film was observed to appear on diets 66-A or 
66-Ba. Moisture films were observed on diets not containing 
% 
Aureomycin , so these diet plugs were changed every 36-48 
hours in an effort to determine if these diets were nutri­
tionally adequate for rearing corn rootworms. As shown in 
Table 4, 5 adults were obtained from the original 780 
larvae placed on diet 66-A, and 3 adults were reared from 
819 larvae placed on diet 66-Ba. No larvae developed beyond 
the third-instar on diets 66-B, 66~C, 66-D, 66-E, or 66-P. 
Figures 6, 7s and 8 show the mortality rates for larvae 
placed on these diets. As shown in Table 3j the only dif-
ference between diets 66-E and 66-Ba is the Aureomycin 
contained in diet 66-Ba. The facts that no larvae reached 
the prepupal stage on diet 66-B and adults were obtained 
to 
from larvae reared on diet 66-Ba indicate that Aureomycin 
is an essential constituent of artificial diets for southern 
corn rootworms. Also, no larvae developed beyond the third-
instar on diets 66-C, 66-D, 66-E, and 66-P, none of which 
contained Aureomycin , while adults were obtained from 
& 
larvae reared on diet 66-A which contained Aureomycin . 
Diets 66-0 and 66-H were formulated in an effort to 
determine whether previous diets had been lacking in sterols. 
Beta-sitosterol was added to diet 66-G and ergosterol to 
diet 66-H. As shown in Table 4, of 990 larvae that were 
placed on diet 66-G, 29 adults were obtained, and of 1,020 
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larvae placed on diet 66-H, 13 adults were obtained. Diets 
66-1 and 66-J also differ in that diet 66-1 contains beta-
sitosterol and diet 66-J contains ergosterol; but in both 
(S)  ^
of these diets, Alphacel is omitted. Alphacel is a trade 
name of cellulose sold by Nutritional Biochemicals Corpora­
tion and is used in this diet as a source of non-nutritive 
bulk. Since this diet also contains a relatively large 
amount of wheat germ, it was thought that the additional 
cellulose might not be used. Casein was utilized as a 
protein source rather than egg albumin in diets 66-1 and 
66-J. As shown in Table 4, 960 larvae were placed on diet 
66-1 and 2.7 percent of these developed to the adult stage, 
while 666 larvae were placed on diet 66-J and 0.3 percent 
of these developed to the adult stage. In these comparisons 
of beta-sitosterol and ergosterol, it appears that beta-
sitosterol is more satisfactory as a sterol source in 
artificial diets for southern corn rootworm larvae than 
ergosterol. Diets 66-K and 66-L were formulated to deter­
mine whether cholesterol is a satisfactory source of sterol 
for southern corn rootworms. However, neither of these 
diets contained Aureomycin and no larvae developed beyond 
the third-instar. Figure 9 shows the mortality rate of the 
larvae placed on these diets. Diet 66-M was formulated 
with fresh corn kernels as a major component in another 
effort to add a part of the natural host plant to a syn­
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thetic medl-um^ but no larvae developed beyond the third-
Instar on this diet. Figure 10 shows the mortality rate 
for larvae placed on this diet. Diet 66-N was formulated 
as a diet with no source of free sterols. Of the 5^0 larvae 
placed on this diet, 5 developed to the adult stage. The 
percentage of adults emerging on diet 66-N (0.9) does not 
compare well with the percentages of adults emerging on 
diets 66-G and 66-1, therefore it was decided that beta-
sitosterol is a desirable component of artificial diets for 
southern corn rootworm larvae. 
Diets 66-0 and 66-P were formulated in a further effort 
to determine whether corn oil is an essential component of 
artificial diets for southern corn rootworm larvae. It was 
thought that a more valid test of corn oil could now be made 
since diets in which it had previously been tested gave 
consistently low percentages of adults. Diet 66-0 was 
formulated without corn oil, while diet 66-P contained 1.0 
ml of corn oil. Of 420 larvae placed on diet 66-0, 3-3 per­
cent emerged as adults and of 420 larvae placed on diet 
66-P, 5-7 percent developed to the adult stage. These 
figures indicate that corn oil is a desirable component of 
artificial diets for southern corn rootworm larvae. 
In diet 66-Q, a vitamin mixture with vitamin D omitted 
was used. This diet is otherwise identical to diet 66-H. 
No.larvae developed beyond the third-instar on this diet. 
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Figure 10 shows the mortality rate for larvae placed on this 
diet. 
Matings that were made between adults reared on arti­
ficial diets in 1966 are shown in Table 5, along with the 
number of viable eggs produced by each mating. It is 
interesting to note that the only viable eggs were obtained 
from one parent that was reared on diet 66-H and one parent 
that was reared on immature corn ears. No two adults of 
opposite sex that were reared on diet 66-H emerged simul­
taneously so they could be mated. Four males and one female 
which were reared on diet 66-H were mated to members of the 
opposite sex which had been reared on immature corn ears, 
with production of viable eggs. It is difficult to determine 
why only matings involving adults reared on diet 66-H pro­
duced viable eggs. As seen in Table 4, diet 66-H ranked 
fifth in overall percent survival to the adult stage. This 
diet also ranked number five in average days of adult 
longevity. Larval development to the adult stage took less 
time with diet 66-H (58 days) than any other diet. As 
shown in Table 3, the only difference in diets 66-H and 
66-G is the type of sterol. Diet 66-H contains ergosterol 
rather than beta-sitosterol. In other respects, beta-
sitosterol appears to be superior to ergosterol. 
All larvae that hatched from eggs produced by matings 
shown in Table 5 were reared on diet 66-H. Development 
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rate and survival figures for these larvae are shown In 
Table 6. The average length of time for the larvae to 
reach the prepupal stage Is phenomenally short (19 days) as 
compared to that of other diets. Other developmental periods 
are of a normal duration. All females which emerged from 
this group were mated to males from the group, but no viable 
eggs were obtained. 
1967 Diet Studies 
All diets on which adults were reared In 1966 were 
tested again In I967. Development rates and survival 
figures for these tests are shown In Table 7. With few 
exceptions, the I967 results compare favorably with those 
of 1966. One of the more outstanding differences Is the 
shorter average longevity of adults In I967 as compared to 
those of 1966. The overall percent survival to the adult 
stage was generally greater In I967 than In I966. This 
could be attributed to more experience In general techniques 
of handling and rearing corn rootworms In I967 than In I966. 
A comparison of the results of 1965, 1966, and 1967 diet 
studies Is shown In Table 8. It should be remembered that 
for 1965 studies, second- and thlrd-lnstar larvae were 
placed on all diets. Thus, the 9.8 percent larvae that 
survived to the prepupal stage are probably not as signif­
icant as the 6.4 percent larvae that reached the prepupal 
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stage in I966. The greatest amount of larval mortality 
occurs during the first instar. It is difficult to explain 
the decrease in percent pupation from I966 to 1967. Other 
figures show an increase from I966 to I967. 
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RESULTS 
Diapause Studies 
1965 Experiment 
A total of 5,250 western and northern corn rootworm 
eggs were subjected to different combinations of exposure 
to ammonium hydroxide and cold treatment In the 1965 diapause 
experiment. As shown in Table 9, more hatch (117 eggs) was 
obtained from the 8 hour exposure to O.OO3 M ammonium 
hydroxide than from any other treatment. The 8 hour expo­
sure to 0.100 M ammonium hydroxide yielded 102 hatched eggs. 
The least hatching success (11 eggs) was obtained from the 
72 hour exposure to 0.001 M ammonium hydroxide. In general, 
the 72 hour exposures at all levels of ammonium hydroxide 
concentrations gave poor results. 
In comparing total hatch on the basis of incubation at 
4.4 C, it is interesting to note that the most hatch (129 
eggs) was obtained from eggs that were not chilled (see 
Table 9). The number of hatched eggs decreases with an 
increase in time of cold treatment for all stages except 
for the 6 week incubation which shows a slight increase. 
1966 Experiment 
Western eggs The results of this part of the 1966 
diapause experiment are shown in Table 10. The most hatch 
(61 eggs) for any single exposure time was obtained from the 
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8 hour exposure to 0.003 M ammonium hydroxide. Sixty eggs 
hatched from exposure to 0,003 M ammonium hydroxide for 24 
hours and from exposure to 0.001 M ammonium hydroxide for 
24 hours. The total hatch for each exposure time at each 
level of concentration of ammonium hydroxide exceeded hatch 
for the control except for the 48 and 72 hour exposures to 
0.006 M, 0.001 M, and 0.100 M solutions. There was a general 
trend with eggs that were exposed to ammonium hydroxide for 
total hatch to decrease with increased exposure to cold 
treatment. As shown in Table 10, there was a tendency 
toward an increase in hatch with increase in cold treatment 
but no exposure to ammonium hydroxide. For eggs that were 
not subjected to cold treatment, 46 percent hatched after 
exposure to 0.003 M ammonium hydroxide for 8 hours. It is 
obvious from Table 10 that all levels of concentration of 
ammonium hydroxide with no subsequent cold treatment gave 
better hatch than the control. 
There seems to be no correlation between combinations 
of treatments and number of days to hatch. 
Northern eggs Results for this part of the I966 
diapause experiment are shown in Table 11. The most hatch 
obtained from any single exposure time (70 eggs) was from 
exposure to O.OO3 M ammonium hydroxide for 8 hours. Sixty-
eight eggs hatched after exposure to O.OO6 M ammonium 
hydroxide for 8 hours, while exposure to 0.100 M ammonium 
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hydroxide for 8 hours yielded 65 hatched eggs. The total 
hatch (31 eggs) for the control at 72 hours exceed hatch 
for exposure to all levels of concentration of ammonium 
hydroxide for the same period of time. The control at 24 
hours exceeded hatch for eggs exposed to 0.100 M ammonium 
hydroxide for 24 hours. In all other cases, total hatch 
for exposure to all levels of ammonium hydroxide exceeded 
total hatch for the control. As with previous experiments, 
there was a general tendency for hatch to decrease in eggs 
that were exposed to ammonium hydroxide when cold treatment 
was Increased. Again, this trend was reversed in eggs that 
were not exposed to ammonium hydroxide. The most hatch (20 
eggs) for eggs not exposed to cold treatment was obtained 
from those exposed to 0,003 M ammonium hydroxide for 8 hours. 
Prom Table 11, it can again be seen that for eggs that 
received no cold treatment, those exposed to ammonium 
hydroxide gave better hatch than those that were not 
exposed to ammonium hydroxide. 
There seems to be no correlation between combinations 
of treatments and total days it takes the eggs to hatch. 
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DISCUSSION 
Diapause Studies 
A total of 22,050 western and northern corn rootworm 
eggs were exposed to different combinations of ammonium 
hydroxide and 40 P Incubation In 1965 and I966. These 
experiments were conducted In an effort to determine the 
effects of ammonia on embryonic diapause in these insects. 
In the preliminary experiment conducted in 1965, western and 
northern eggs were placed on the same pad. When the larva 
hatched from the egg, the shell was often moved, in many 
cases completely removed from the pad. Since there is no 
positive means of identification of first instar corn root-
worm larvae, there was no way to keep the two species 
separate in the 1965 experiment. This problem was overcome 
in 1966 by keeping the species separate throughout the 
experiment. 
The data obtained from these experiments indicate that 
exposure of dlapauslng corn rootworm eggs to ammonium 
hydroxide does result in an Increase in the termination of 
diapause. It would be Impossible to establish any mechanism 
of action on the basis of these experiments. It seems log­
ical that diapause may be in part terminated by an accumula­
tion of nitrogenous wastes in the dlapauslng embryo. Thus 
when an excess of these products (in the form of ammonia) 
6l 
are taken in by the embryo after exposure to ammonium 
hydroxide, diapause is terminated. Hogan (1962a) showed 
that urea was taken up and subsequently broken down into 
ammonia and carbon dioxide by diapausing eggs of Teleogryllus 
commodus. He later (1964) showed that by using ammonium 
hydroxide as a source of gaseous ammonia, diapause could be 
terminated in this insect by exposure of diapausing eggs 
to ammonia. 
In these experiments, less hatch was generally obtained 
from eggs that were exposed to ammonium hydroxide for 72 
hours than for shorter exposure times. This probably 
indicates toxicity of ammonia to the diapausing embryo for 
this prolonged exposure period. The tendency toward a 
decrease in hatch with combination exposures as the time of 
cold treatment increased is difficult to explain. There is 
a possibility that diapause was actually broken by exposure 
to ammonium hydroxide and that a subsequent exposure to low 
temperature was lethal to the developing embryo. 
There seems to be no correlation between the different 
combinations of treatments in these experiments and the 
length of time it takes the eggs to hatch. 
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SUMMARY AND CONCLUSIONS 
Thirty artificial diets were tested in an attempt to 
develop a medium for rearing southern corn rootworm larvae. 
Twelve of these diets contained Cab-O-Sll as a base, and 
proved to be unsatisfactory; the others were agar-based. 
Of the agar based diets, rootworms were reared to the adult 
stage on nine diets. Rootworms were reared through the 
second generation on one diet (66-H). 
With the exception of diet 66-Q, the one factor that 
is common only to those diets on which com rootworms were 
reared to the adult stage is Aureomycin . As shown in Table 
3, these nine diets differ with respect to primary protein 
source, sterols, lipid content, and amount of ascorbic acid. 
The fact that corn rootworms can be reared on such diverse 
diets seems to support Praenkel's (1956) theory that 
phytophagous Insects differ only slightly in their food 
requirements. Since no moisture film was seen to develop 
on diet plugs that contained aureomycin, and a film was 
observed to develop on diets that did not contain this 
Ingredient, It can probably be concluded that the aureomycin 
acted as an antibacterial agent in the diets. It is 
believed that the larvae drowned in the moisture film on 
diets not containing Aureomycin , rather than dying 
because of inadequate diet. 
Diapausing eggs of western and northern corn rootworms 
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were exposed to five concentrations of airnnonluin hydroxide 
for varying lengths of time In an effort to terminate 
diapause In these eggs. 
From Tables 10 and 11 It can be seen that embryonic 
diapause in the western and northern corn rootworm Is 
definitely Influenced by exposure to ammonium hydroxide. 
The Incidence of hatch in eggs exposed to ammonium 
hydroxide is not high enough to make this a practical 
means of terminating diapause for mass rearing procedures. 
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APPENDIX 
Table 1. Composition of artificial diets^ tested in 1965 
I II III IV V 
Distilled water 
KOH 
Sucrose 
Wheat germ 
Choline ch].oride 
Ascorbic acid 
Methyl paraben 
Formaldehyde 
Agar^ 
Cab-O-Sil® 
AppleC 
Leaf and whorl 
Root tissue® 
Yeast 
33.0 ml 33. 0 ml 33.0 ml 33.0 ml 33. 0 ml 
0.8 ml 0. 8 ml 0.8 ml 0.8 ml 
4.0 gm 4. 0 gm 4.0 gm 4.0 gm 4. 0 gm 
5.0 gm 5. 0 gm 5.0 gm 5.0 gm 5. 0 gm 
0.2 gm 0. 2 gm 0,2 gm 0.2 gm 0. 2 gm 
0.3 gm 0. 3 gm 0.3 gm 0. 3 gm 
0.2 gm 0. 2 gm 0.2 gm 0. 2 gm 
. 08 ml .08 ml . 08ml 
• 
08mL 
3.0 gm 3. 0 gm 3.0 gm 3.0 gm 3. 0 gm 
&A11 diets contained 5.3 gm Casein, 0.8 gm Alphacel® , 
1.5 gm Wesson salt, and 3.7 gm vitamin mix. 
^Mixed with 93 ml distilled water and autoclaved for 
five minutes at 15 psi. 
*^75 gm fresh apple tissue blended with 40 ml distilled 
HgO. 
^35 gm fresh corn leaf and whorl tissue blended in 100 
ml distilled HgO. 
®47 gm fresh corn root tissue blended in 100 ml dis­
tilled HgO for five minutes. 
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VI VII VIII IX X XI XII 
33 .0 ml 33 .0 ml 33.0 ml 25.0 ml 33 .0 ml 33. 0 ml 
0 .8 ml 0 .8 ml 0.8 ml 0.8 ml 0.8 ml 0 .8 ml 0. 8 ml 
4 .0 gm 4 .0 gm 4.0 gm 8.0 gm 4.0 gm 4 .0 gm 4. 0 gm 
5 .0 gm 5 .0 gm 5.0 gm 5.0 gm 5 .0 gm 5. 0 gm 
0 .2 gm 0.2 gm 0.2 gm 0.2 gm 0 .2 gm 0. 2 gm 
0 
.3 gm 0 .3 gm 0.3 gm 0,3 gm 0.3 gm 0 .3 gm 0. 3 gm 
0 .2 gm 0 .2 gm 0.2 gm 0.2 gm 0.2 gm 0 .2 gm 0. 2 gm 
,08 ml .08 ml .08 ml .08ml .08 ml 
3 
.08ml 
.8 gm 3'. 
08 ml 
8 gm 
3 .0 gm 3 
3 
. 0 gm 
. 0 ml 
3.0 gm 
5.0 gm 
3.0 gm 3.0 gm 
10.0 ml 
5.0 gm 
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Table 2. Survival of corn rootworms placed on seven 
artificial diets in 1965 
Instar 
No. and placed 
Diet spp. larvae on diet 
No. No. No. $ 
prepupae pupae adults adults 
I 20 S 2 5 3 3 15 
I 96 N 3 7 0 0 0 
I 10 W 3 0 0 0 0 
II 20 S 2 3 3 3 7 
II 118 N 3 6 1 1 1 
II 10 W 3 1 1 1 10 
IV 30 S 2 4 2 2 7 
IV 134 N 3 6 4 4 3 
IV 20 W 3 2 2 1 5 
V 20 S 2 8 3 2 10 
V 96 N 3 11 1 1 1 
V 8 W 3 0 0 0 0 
VI 20 S 2 4 0 0 0 
VI 116 N 3 • 13 1 1 1 
VI 18 W 3 4 1 1 6 
IX 6 S 2 1 0 0 0 
IX 100 N 3 2 0 0 0 
IX 6 W 3 1 0 0 0 
X 100 S 2 15 1 1 1 
Total 948 93 23 21 2 
= northern corn rootworm, W = western corn rootworm, 
and S = southern corn rootworm. 
Table 3. Composition of artificial diets^ tested in I966 
66 -A 66 -B 66 -Ba 66 -C 66 
Casein 
Alphacel 0. 8 gm 0. 8 gm 0.8 gm 0. 8 gm 0. 8 
Ascorbic acid 0. 25 gm 0. 25 gm 0.25 gm 0. 25 gm 0. 25 
Formaldehyde 
Agar^ 3. 7 gm 3. 7 gm 3.7 gm 3. 7 gm 3. 7 
Cholesterol 0. 3 
Corn oil 0. 5 ml 0. 5 ml 0. 5 
Aureomycin 0. 05 gm 0.05 gm 
Egg albumen 5. 3 gm 5. 3 gm 5.3 gm 5. 3 gm 5. 3 
Beta-sitosterol 
Ergosterol 
All diets except 66-M contained 33.0 ml water, 0.8 ml 
KOH, 1.5 gm Wesson salt, 4.0 gm Sucrose, 5.0 gm Wheat germ, 
0.2 gm Choline chloride, 3.7 gm Vitamin mix, and 0.2 gm 
Methyl paraben. 
^Mixed with 93 ml distilled water and autoclaved five 
minutes at 15 lb psi. 
74 
66-E 66-F 66-G 66-H 
5.3 gm 
0.8 gm 
3.7 gm 
0.3 gm 
0.5 ml 
0.8 gm 
3.7 gm 
0.3 gm 
0.5 ml 
5.3 gm 
0.8 gm 
3.7 gm 
0.5 ml 
0.05 gm 
5.3 gm 
0.3 gm 
0.8 gm 
3.7 gm 
0.5 ml 
0.05 gm 
5.3 gm 
0.3 gm 
Table 3. (Continued) 
66-1 66-J 66-K 66-L 
Casein 5.3 gm 5.3 gm 5.3 gm 5.3 gm 
Alphacel 0.8 ml 0.8 ml 
Vitamin mix 3.7 gm 3.7 gm 
Formaldehyde 
Agar 3.7 gm 3.7 gm 3.7 gm 3.7 gm 
Cholesterol 0.3 gm 
Corn oil 0.5 ml 0.5 ml 1.0 ml 1.0 ml 
Aureomycin O.O5 gm O.O5 gm 
Egg albumen 
Beta-sitosterol 0.3 gm 
Ergosterol 0.3 gm 
Corn® 
CDiet 66-M contained 25 gm HpO and none of the follow­
ing: KOH, Wesson salt. Sucrose, Wheat germ. Choline chloride. 
Vitamin mix. 
"^Vitamin D excluded from this vitamin mixture. 
®100 gm immature corn kernels blended with 25 ml dis­
tilled HpO. 
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66-M^ 66-N 66-0 66-P 66-Q 
3.7 gm 
30.0 gm 
0.8 ml 
3.7 gm 
3.7 gm 
0.5 ml 
0.05 gm 
5.3 gm 
5.3 gm 
0.8 ml 
3.7 gm 
0.08 ml 
3.7 gm 
0.05 gm 
0.3 gm 
5.3 gm 
0.8 ml 
3.7 gm 
0.08 ml 
3.7 gm 
1.0 ml 
0.05 gm 
0.3 gm 
0.8 ml 
3.7 
3.7 gm 
0.5 ml 
0.05 gm 
5.3 gm 
0.3 gm 
Table 4. Development rate and survival of southern corn rootworms placed on 
nine best artificial diets tested in 1966 
Ave. Ave. Ave. Ave. % Sur-
No. days days days days vival 
No. pre- to pre- No. to No. to adult to 
Diet larvae pupae pupa pupae pupa adults adult lived adult 
66-A 780 15 40.7 11 7.1 5 12 28 0.6 
66-Ba 819 9 43.1 8 9.2 3 12 30 0.4 
66—G 990 67 43.4 44 7.3 29 12 32 2.9 
66-H 1,020 37 40.0 22 6.4 13 12 56 1.3 
66-1 960 89 41.6 55 6,5 26 11 64 2.7 
66-j 666 14 43.7 3 8.0 2 11 56 0.3 
66-N 540 22 39.2 12 8.2 5 11 19 0.9 
66-0 420 70 44.7 28 7.3 14 12 75 3.3 
66-P 420 98 40.0 52 7.2 24 12 57 5.7 
78 
Table 5. Number of viable eggs produced by mated adults 
which were reared on artificial diets 
Diet^ parents No. 
reared on Date of viable 
Male Female mating eggs 
66-1 66-G Sept 2 0 
66-0 Sept 21 0 
66-G 66-1 Sept 24 0 
66-H Aug 25 12 
66-0 Sept 24 0 
66-1 Aug 20 0 
66-1 Aug l8 0 
66-H Sept 14 217 
66-H Aug 22 18 
66-1 Sept 14 0 
66-H Sept l4 0 
66-H Sept 19 23 
66-j Sept 21 0 
66-1 66-1 Sept 24 0 
66-1 Aug 31 0 
66-H Sept 3 14 
66—G Aug 27 0 
66-0 66-J Sept 24 0 
66-G Sept 21 0 
66-Ba Aug 23 0 
66-G Sept 19 0 
66-A Sept 19 0 
66-P 66-P Oct 29 0 
66-1 66-P Oct 20 0 
66-1 66-P Oct 4 0 
66-0 66-0 Sept 29 0 
66-1 66-P Oct 15 0 
66-1 Sept 29 0 
66-A Oct 8 0 
66-G Oct 12 0 
66-P Oct 20 0 
66-G Oct 15 0 
66-G Sept 24 0 
^No diet indicated for individuals reared on immature 
corn ears. 
Table 6. Development rate and survival of second generation southern corn 
rootworms 
Diet 
No. 
pre-
Sex pupae 
Ave. 
days 
to pre-
pupa 
Ave. Ave. 
No. days to No. days to 
pupae pupa adults adult 
Ave. 
days 
adult 
lived 
% Sur­
vival 
to 
adult 
66-H M 
66-H F 
19.0 
19.0 
17 
11 
4.4 
2 . 0  
10 12 
14 
67 
79 
4.6 
1.4 
Total 61 28 13 
Table 7. Development rate and survival of southern corn rootworms placed on 
artificial diets in 1967 
Ave. Ave. Ave. Ave. % Sur-
No. days days days days vival 
No. pre- to pre- No. to No. to adult to 
Diet larvae pupae pupa pupae pupa adults adult lived adult 
66-A 840 24 42.7 19 7 16 12 14 1.9 
66-Ba 939 17 44.5 12 9 9 12 16 1.0 
66-G 1,230 107 45.1 81 7 76 12 19 6.2 
66-H 1,260 93 44.8 46 6 37 12 34 2.9 
66-1 1,320 146 44.8 95 6 89 11 34 6.7 
66-J 540 23 44.1 18 8 14 11 43 2.6 
66-n 960 43 43.0 29 8 22 11 5 2.3 
66-0 1,374 262 45.1 86 .7 69 11 23 5.0 
66-P 1,320 344 42.0 118 7 98 12 16 7.4 
Total 9,783 1,059 504 430 
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Table 8. Survival of corn rootworms placed on diets in 1965, 
1966, and 1967 
No. 
larvae a 
% Larval 
reaching 
prepupal 
stage 
% Prepupae 
reaching 
pupal stage 
% Pupae 
reaching 
adult stage 
1965 
1966 
1967 
702' 
6,615 
9,783 
9.8 
6.4 
10.8 
24.7 
55.8 
47.5 
91 
51 
85 
a 
Includes only larvae placed on diets on which larvae 
developed to the prepupal stage. 
^Second and third instar larvae of all three species 
were used in 1965 diet experiments. See Table 2. 
Table 9. Hatch data for 1965 diapause experiment with western and northern eggs 
Number eggs hatched and total number days to hatch 
at concentrations and exposure time indicated 
Incubation time 
at 4.4 C (weeks) 
.001 M .003 M .006 M 
8 24 72 8 24 72 8 24 72 
0 Number hatched 6 10 1 20 10 6 20 6 1 
0 Days to hatch 75 95 120 95 60 110 85 95 145 
2 Number hatched 10 7 0 22 8 0 5 1 4 
2 Days to hatch 140 115 - 95 110 - 80 115 90 
4 Number hatched 5 4 1 17 8 2 3 5 0 
4 Days to hatch 85 130 120 135 120 130 65 85 -
6 Number hatched 4 8 3 27 6 1 22 4 8 
6 Days to hatch 130 120 100 140 110 115 140 125 115 
8 Number hatched 10 3 3 3 3 2 22 3 0 
8 Days to hatch 115 85 100 85 130 120 140 120 -
12 Number hatched 1 4 2 17 6 1 9 3 0 
12 Days to hatch 65 120 100 135 140 100 125 120 -
16 Number hatched 2 0 1 11 0 0 0 0 0 
16 Days to hatch 30 - 150 80 - - - - -
Total 38 36 11 117 4l 12 81 22 13 
Table 9- (Continued) 
Number eggs hatched and total number days 
to hatch at 
concentrations and exposure time indicated 
Incubation time .010 M .100 M 
at 4.4 C (weeks) 8 2? 72 8 24: 72 Total 
0 Number hatched 18 3 0 10 6 12 129 
0 Days to hatch 100 145 - 135 60 135 
2 Numbei' hatched 19 6 9 20 7 9 128 
2 Days to hatch 85 85 110 125 105 145 
4 Number hatched 0 2 9 17 11 10 94 
4 Days to hatch - 85 125 130 130 115 
6 Number hatched 3 2 4 6 5 1 103 
6 Days to hatch 70 95 120 135 95 135 
8 Number hatched 1 5 0 26 0 3 84 
8 Days to hatch 65 100 - l40 - 145 
12 Number hatched 1 1 2 18 0 7 72 
12 Days to hatch 55 120 100 135 - 150 
16 Number hatched 0 0 2 5 6 0 27 
16 Days to hatch - - 85 80 135 -
Total 42 19 26 102 35 42 
Table 10. Hatch data for 1966 diapause experiment with western eggs 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times indicated 
Incubation time 
at 4.4 C (weeks) 
.000 M .001 M .003 M 
8 24 48 72 8 24 48 72 8 24 48 72 
0 
0 
Number hatched 
Days to hatch 
3 
65 
1 
85 
0 3 
130 
6 
90 
14 
85 
8 
115 
7 
130 
23 
95 
17 
95 
8 
120 
3 
145 
2 
2 
Number hatched 
Days to hatch 
2 
100 
4 
115 
3 
95 
1 
75 
4 
90 
15 
100 
3 
115 
6 
135 
7 
95 
13 
105 
5 
110 
1 
85 
4 
4 
Number hatched 
Days to hatch 
1 
70 
3 
135 
6 
95 
4 
130 
3 
90 
10 
115 
10 
120 
3 
115 
3 
75 
10 
85 
8 
85 
6 
105 
6 
6 
Number hatched 
Days to hatch 
3 
90 
5 
130 
4 
120 
3 
115 
2 
75 
10 
130 
5 
105 
8 
140 
2 
100 
7 
115 
5 
105 
7 
120 
8 
8 
Number hatched 
Days to hatch 
2 
60 
6 
125 
6 
115 
3 
125 
5 
100 
8 
105 
11 
120 
2 
113 
8 
135 
3 
100 
9 
125 
4 
120 
12 
12 
Number hatched 
Days to hatch 
8 
125 
5 
115 
3 
120 
1 
60 
10 
135 
3 
115 
6 
110 
1 
70 
11 
110 
10 
105 
4 
120 
2 
115 
16 
16 
Number hatched 
Days to hatch 
14 
115 
10 
120 
8 
135 
9 
130 
7 
110 
0 5 
105 
8 
125 
7 
120 
0 3 
100 
1 
125 
Total 33 34 30 24 37 60 48 35 61 60 42 24 
Table 10. (Continued) 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times indicated 
Incubation time 
at 4.4 C (weeks) 
.006 M .010 M 
8 24 48 72 B 24 48 72 
0 Number hatched 10 8 8 2 9 7 3 2 
0 Days to hatch 65 95 80 105 95 105 125 125 
2 Number hatched 8 10 4 2 10 9 6 0 
2 Days to hatch 115 120 110 100 95 100 125 -
4 Number hatched 2 10 0 2 8 5 2 1 
4 Days to hatch 95 100 - 80 100 95 105 90 
6 Number hatched 4 7 0 1 2 7 6 5 
6 Days 'to hatch 95 105 - 50 60 95 115 135 
8 Number hatched 4 4 0 2 3 8 3 5 
8 Days to hatch 95 100 - 110 95 105 115 130 
12 Number hatched 11 9 1 2 8 3 7 1 
12 Days to hatch 100 110 90 100 125 110 135 75 
16 Number hatched 5 2 1 4 5 2 2 3 
16 Days to hatch 115 110 120 135 95 115 115 135 
Total 44 50 14 15 45 4l 29 17 
Table 10. (Continued) 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times Indicated 
Incubation time »IQQ M 
at 4.4 C (weeks) 8 2U 48 72 Total 
0 Number hatched 10 8 1 2 163 
0 Days to hatch 100 115 70 115 
2 Number hatched 10 10 2 1 136 
2 Days to hatch 125 130 75 90 
4 Number hatched 0 5 13 1 115 
4 Days to hatch - 135 130 95 
6 Number hatched 1 7 2 8 111 
6 Days to hatch 75 85 100 135 
8 Number hatched 3 7 2 1 107 
8 Days to hatch 100 100 95 75 
12 Number hatched 9 8 3 1 127 
12 Days to hatch 125 125 130 95 
18 Number hatched 7 3 1 0 107 
18 Days to hatch 105 95 90 -
Total 40 48 24 14 
Table 11. Hatch data for I966 diapause experiment with northern eggs 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times indicated 
Incubation time 
at 4.4 C (weeks) 
0
 
0
 
0
 
M 
1—1 0
 
0
 . M .OOS M 
8 24 48 72 8 24 48 72 8 24 48 72 
0 Number hatched 0 1 1 0 14 11 7 3 20 11 8 2 
0 Days to hatch - 90 65 - 115 100 125 115 95 115 105 130 
2 Number hatched 1 0 0 0 13 18 2 0 19 7 2 1 
2 Days to hatch 60 - - - 110 115 110 - 135 120 80 65 
4 Number hatched 3 1 2 2 9 8 4 2 7 7 6 3 
4 Days to hatch 115 70 75 105 115 105 120 95 125 130 125 115 
6 Number hatched 3 2 1 4 6 5 7 4 6 4 7 2 
6 Days to hatch 85 105 60 135 95 115 105 130 120 115 115 130 
8 Number hatched 0 8 6 5 5 7 2 6 9 8 9 2 
8 Days to hatch - 120 115 135 115 115 105 135 125 140 115 120 
12 Number hatched 4 3 3 3 3 8 5 0 7 7 0 1 
12 Days to hatch 100 140 120 115 80 120 115 - 115 105 - 70 
16 Number hatched 8 10 8 15 4 3 2 1 2 2 2 0 
16 Days to hatch 125 140 130 140 135 115 85 125 130 115 120 -
Total 19 25 21 31 54 60 29 16 70 46 33 11 
Table 11. (Continued) 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times Indicated 
Incubation time .006 M .010 M 
at 4.4 C (weeks) 8 24 48 72 8 24 48 72 
0 Number hatched 16 9 2 1 16 8 3 0 
0 Days to hatch 120 115 95 90 125 120 115 -
2 Number hatched 11 9 2 1 9 6 2 0 
2 Days to hatch 115 70 85 90 125 70 85 -
4 Number hatched 7 9 7 2 7 7 6 2 
4 Days to hatch 110 115 130 120 135 125 105 135 
6 Number hatched 9 5 7 3 7 1 6 1 
6 Days to hatch 115 75 95 120 130 65 120 85 
8 Number hatched 9 7 5 0 6 8 4 1 
8 Days to hatch 120 95 140 — 125 120 130 100 
12 Number hatched 9 5 6 0 10 6 9 1 
12 Days to hatch 125 115 120 — 115 115 110 75 
16 Number hatched 7 2 3 0 6 1 2 0 
16 Days to hatch 105 120 120 — 130 125 130 -
Total 
1 68 46 32 7 61 37 32 5 
Table 11. (Continued) 
Number eggs hatched and total number days to hatch 
at concentrations and exposure times indicated 
Incubation time . 100 M 
at 4.4 C (weeks) 8 24 48 72 Total 
0 Number hatched 6 2 1 0 154 
0 Days to hatch 95 120 90 -
2 Number hatched 20 1 1 0 125 
2 Days to hatch 125 100 75 -
4 Number hatched 10 6 5 0 122 
4 Days to hatch 120 115 130 -
6 Number hatched 9 2 3 1 105 
6 Days to hatch 135 60 125 120 
8 Number hatched 10 7 6 4 
oo 1—1 
8 Days to hatch 120 105 90 120 
12 Number hatched 8 3 . 7 1 101 
12 Days to hatch 120 120 115 95 
16 Number hatched 2 1 5 0 85 
16 Days to hatch 120 115 135 -
Total 65 22 28 6 
